Aspiration of oral and gastric secretions is a well-known complication of intubation and mechanical ventilation. Aspiration can lead to complications, such as ventilator-associated pneumonia (VAP), pneumonitis, and other aspiration syndromes ([@R1]--[@R4]). Colonization of oropharyngeal secretions that accumulate above the cuff of the endotracheal tube (ETT), and bacterial translocation from the stomach contribute to the pathogenesis of VAP and pulmonary complications associated with aspiration ([@R5], [@R6]).

It is challenging to accurately detect when aspiration occurs, source of aspiration (oral or gastric), and the degree of aspiration. Detection of pepsin in tracheal or bronchoalveolar lavage (BAL) secretions is often considered the gold standard for identifying aspiration of gastric secretions ([@R7], [@R8]). Researchers have assessed levels of salivary (alpha) amylase in pulmonary secretions to detect aspiration of oral secretions. Alpha-amylase is a digestive enzyme that is present in saliva. If oral secretions are aspirated, α-amylase should be detectable in pulmonary secretions, but data related to interpretation of α-amylase values are limited. This brief article summarizes what is known about α-amylase values and discusses issues associated with its use as a biomarker for detection of aspiration of oral secretions.

ALPHA-AMYLASE VALUES FOR DIFFERENT SPECIMEN SOURCES
===================================================

Alpha-amylase values are highest in the mouth (normal expected finding) and decrease depending on proximity of sample collection from the mouth. **Table [1](#T1){ref-type="table"}** compares α-amylase values reported for oral, subglottic, tracheal, and BAL specimens. Because of extremes in values, median levels provide more meaningful comparative data. Median values for "oral" samples ranged between 195,029 to 307,606 U/L ([@R9], [@R10]). "Subglottic" secretions were assessed in only one study, and the median α-amylase value was 130,750 U/L ([@R9]). Median values of α-amylase in "tracheal" secretions varied widely from 0 in a small pilot study to over 22,000 U/L in patients with documented aspiration or VAP ([@R10], [@R11], [@R15]). Median values for "BAL" specimens ranged from 134 U/L to 927 U/L; a mean value of 1,722 U/L was reported in those at high risk for aspiration ([@R17]--[@R20]).
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Levels of Alpha-Amylase Based Upon Type of Specimen
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It has been suggested that the ratio of tracheal values to oral α-amylase values (T/O ratio) is an indicator of the degree of aspiration ([@R9]). T/O ratios in recent studies have ranged from 0.055 (5.5%) in a sample of 26 patients to 0.07 (7.0%) in a sample of 410 patients ([@R9], [@R16]). Although one study showed a higher rate of pulmonary infection in patients with a higher T/O ratio ([@R14]), another found no differences in clinical outcomes ([@R16]).

SENSITIVITY AND SPECIFICITY OF VALUES
=====================================

Sensitivity and specificity of α-amylase values are limited. Filloux et al ([@R9]) reported a tracheal α-amylase cutoff value of 1,832 U/L had an 88.0% sensitivity and 100.0% specificity. Dewavrin et al ([@R11]) reported a similar sensitivity of 87.0% using a tracheal α-amylase value of 1,685 U/L, but the specificity was only 29.0%. Methods for determining sensitivity and specificity varied between the two studies, and Dewavrin et al ([@R11]) classified aspiration of oral secretions using pepsin biomarkers, which is likely the reason for the difference in specificity between the two studies ([@R9]). With the emergence of using α-amylase as a biomarker, researchers have begun to use a cut-point of 1,685 U/L or higher to classify aspiration.

APPLICATION OF ALPHA-AMYLASE RESULTS
====================================

Incidence of Aspiration
-----------------------

Alpha-amylase has been used to assess frequency of aspiration of oral secretions (**Table [2](#T2){ref-type="table"}**). Sample sizes and frequency of measures of α-amylase vary widely across studies. Studies used varying cutoff values of α-amylase to report the occurrence of aspiration, and many reports did not list values at all. With the exception of a pilot study, aspiration of oral secretions exceeded 75%, validating that the majority of intubated patients aspirate secretions around the cuff of the ETT.
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Estimates of Aspiration
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Duration of Alpha-Amylase in Secretions After Aspiration
--------------------------------------------------------

Once oral secretions are aspirated, it is unknown how long α-amylase is detectable in pulmonary secretions. Studies with multiple measures detected α-amylase up to 14 days after intubation ([@R11], [@R12], [@R16]), and no changes in either the α-amylase values or T/O ratio over time ([@R16]). Reported values may reflect ongoing aspiration around the ETT cuff and/or stability of α-amylase in the pulmonary system once aspiration occurs.

CLINICAL SIGNIFICANCE
=====================

Alpha-Amylase Levels and Pulmonary Complications
------------------------------------------------

Several researchers assessed the relationship between α-amylase and development of pulmonary complications, including VAP and ventilator-associated events (VAEs). In some studies, α-amylase in tracheal or BAL specimens was significantly higher in those with VAP ([@R15], [@R18], [@R20]). An α-amylase of 4,681 U/L had a 90% sensitivity and 79% specificity for identifying VAP ([@R15]), whereas a value of 163 U/L in mini-BAL specimens had a reported sensitivity of 73.0% and specificity of 68.6% ([@R18]). Another study reported that an α-amylase value less than 125 U/L in BAL fluid reduced the odds for developing VAP after adjusting for gender, chest radiography, and preintubation risk factors (odds ratio, 0.39; 95% CI, 0.21--0.71; *p* = 0.002) ([@R20]). In contrast, other researchers used α-amylase to evaluate outcomes of interventions and reported data related to VAE. In these studies, no relationships were observed between α-amylase levels and development of VAE ([@R12], [@R16]).

Aspiration Risk Factors and Alpha-Amylase
-----------------------------------------

Having risk factors for aspiration prior to and after intubation was associated with higher α-amylase levels in tracheal and/or BAL specimens ([@R15], [@R17], [@R18], [@R20]). Risk factors include altered consciousness, swallowing dysfunction, cardiac arrest, preintubation vomiting, and/or difficulty with intubation ([@R20]).

ETT Type Impact on Aspiration
-----------------------------

Specialized ETTs with subglottic suction ports and different cuff configurations have been developed and tested. Although some devices have been shown to reduce VAP, findings vary when using α-amylase as an outcome measure ([@R12], [@R13], [@R19]). No differences were noted in the percentage of patients with aspiration between a tapered-cuff versus a standard-cuff ETT (90.1% vs 93.3%; *p* = 0.095) ([@R12]). Additionally, no differences were found in the proportion of tracheal specimens positive for α-amylase between those with a subglottic secretion drainage tube compared with a standard tracheal tube (88.0% vs 100.0%; *p* = 0.859) ([@R13]). It is not known if the lack of differences is attributed to the devices or if α-amylase was unable to detect differences.

DISCUSSION
==========

Several researchers have used α-amylase as a biomarker to assess for aspiration of oral secretions. As expected, values of α-amylase decreased depending on the proximity of specimen collection from the mouth. Approximately 5--7% of oral α-amylase is detectable in tracheal samples calculating a T/O ratio ([@R9], [@R16]). The majority of subjects across studies had aspiration as indicated by positive levels of α-amylase in pulmonary specimens. Aspiration was noted with different ETT cuff configurations and with subglottic suction tubes ([@R12], [@R22]).

Challenges in Interpretation of Values
--------------------------------------

Several challenges in interpretation of study findings exist including lack of standardization. Studies reported different cutoff points of α-amylase to identify aspiration. Alpha-amylase values that indicate microaspiration or macroaspiration are unknown. Some researchers classified patients as having aspirated if α-amylase was detected at a minimal level detectable by laboratory methods ([@R10], [@R16]--[@R18]). Other studies used a higher value based on sensitivity and specificity analysis, requiring values of 1,685 U/L or higher to indicate aspiration ([@R11], [@R13]). Some studies classified aspiration only if a percentage of the samples (e.g., 30% or more) were higher than a predetermined cutoff point ([@R12], [@R21]).

Clinical Significance
---------------------

The clinical significance of aspiration of oral secretions remains unknown. Some, but not all, researchers identified higher α-amylase levels in those with pulmonary complications, such as infection or VAP ([@R14]--[@R16]). Macroaspiration of secretions is a risk factor for aspiration pneumonia, secondary to the bacterial load that is introduced from either the oral cavity or upper gastrointestinal tract ([@R4]). Therefore, colonization of the oral secretions may be a more important factor in identifying complications than α-amylase levels.

Studies will likely be more meaningful if aspiration is measured by both pepsin and α-amylase biomarkers. Since aspiration of gastric contents can result in an inflammatory reaction and chemical pneumonitis ([@R2]), assessment of pepsin in pulmonary secretions may be more important in assessing risk for complications.

It is unknown how stable α-amylase is in pulmonary secretions as research has found no differences in values over time after intubation ([@R16]). Therefore, detection of α-amylase only indicates that aspiration of oral secretions occurred, but not when.

Despite the recent increase in measurement of α-amylase in detecting aspiration, many questions remain unanswered: 1) what is the duration of detecting α-amylase in the lungs following aspiration; 2) what values which are considered "positive for aspiration;" 3) what values indicate microaspiration versus macroaspiration; and 4) what is the clinical significance of values?

CONCLUSIONS
===========

Although α-amylase is detected in most intubated patients, many unknowns exist about interpretation and usefulness of values. A lack of standardization in measurement and interpretation suggest that overall usefulness of α-amylase, even as a research outcome, has many limitations.
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